Introduction
In 1985 the World Health Organisation expert committee on diabetes mellitus introduced malnutrition related diabetes mellitus as "a major clinical subclass, ranking with insulin dependent diabetes mellitus and non-insulin dependent diabetes mellitus."' Bajaj suggested that there are at least two subclasses of malnutrition related diabetes mellitus: fibrocalculous pancreatic diabetes and protein deficient pancreatic diabetes, and this classification has been adopted by the WHO.2 Several reviews of malL nutrition related diabetes have been published.'-Most have favoured the view that chronic undernutrition is a key factor in the causation of malnutrition related diabetes mellitus, but direct evidence is poor and we have questioned the existence of the protein deficient form of malnutrition related diabetes mellitus.P Traditionally a low body weight and energy intake were considered to decrease the risk of diabetes.3 This view was based on observations such as the reduced incidence of diabetes mellitus in Europe during the first and second world wars" and the observation that the prevalence of non-insulin dependent diabetes in different countries was positively related to the "average fatness" of the population.' The same association has been observed in intrapopulation studies. Gupta et al found that, among urban Indians, rates of diabetes were 3 6%VO in subjects with a normal body weight and 1.5% in very lean subjects." On the other hand, Rao cited the results of a large study in India in which rates of diabetes were not significantly different between urban and rural subjects as evidence pointing to an association between diabetes and undernutrition, since most rural subjects were undernourished. 4 In general, diabetes is less common in undernourished populations than in well nourished populations. 12 This does not, however, answer the question clearly whether within the same population chronic undernutrition leads to a clinically and statistically significant increase in diabetes. We attempted to answer this question by studying glucose tolerance in rural African communities with a background of malnutrition.
Patients and methods
The study was carried out in eight villages in Tanzania and forms part of a long term programme aimed at reducing morbidity and mortality with continuing care. (Treatment was offered to all those found to be ill during surveys.) Six villages were chosen at random in two contrasting regions: Kilimanjaro, one of the most prosperous, and Morogoro region, one of the more economically disadvantaged."' Of the remaining two villages, one in Mara region was chosen because the inhabitants had been exposed to high concentrations of dietary cyanide, and the other in Kilimanjaro region was chosen because hypertension was thought to be common. In four of the eight villages the total population aged 15 years and over was about 1000. The entire adult population in these villages was therefore invited to participate in the study. In the other villages a list of the names of the leaders of the 10 cell units (10 families) was obtained and the number of units required to provide about 1000 subjects was selected at random. Slightly more people were selected in Uswaa village. Lengthy discussions were held with village leaders before the start of the study to ensure BMJ VOLrUME 305 high rates of compliance. Normal values of haemoglobin concentrations for About half of the men and over a third of the women men were 130 g/l or higher and for women 120 g/l or were underweight by the conventional criterion of higher. Since, however, the haemoglobin concentra-body mass index <20 kg/m2'. Body mass index was less tions in both sexes in rural Africa are about I 0 g/l lower than 17 3 kg/m2 and 17 6 kg/m2 in I10% of men and on average than the normal,"' the distribution Of women respectively, reflecting severe current underhaemoglobin in the survey populations was divided nutrition. Anaemia was common in the three villages in into three categories: < 1 10, 1 10-129, and 130-170 g/l Morogoro region (values for both sexes together were for men and <100, 100-119, and 120-160 g/l for 22.1% in Melela, 31 .2% in Madizini, and 28-3% in women. Cholesterol values were divided into three Msolwa) and in Nyambori in Mara region (21 8%), bands: above 5 1 mmol/l (which is raised according to suggesting more long term malnutrition. Mean serum the European Atherosclerosis Society and the United cholesterol concentrations were also significantly lower States national cholesterol education programme') in Morogoro region, reflecting the low intake of below 313 mmol/l (2 SD below the mean for British fat and animal protein in these villages. In Mdawi subjects),22 and 3 3-5 1 mmol/l. Table IV shows the crude prevalences of diabetes SPSS.'5 Analysis of variance (procedure, means) and X' and impaired glucose tolerance by age groups and fifths tests (procedure, cross tabulation) were used as appro-of body mass index. No consistent relation was found priate. Multiple regression of measured variables between rates of diabetes and body mass index (X' against fasting and two hour post glucose load blood analysis for trends, NS), although the prevalence of glucose concentrations was performed, as was stepwise diabetes increased with age. Similarly, there was no logistic regression for determinants of diabetes and relation between height and rate of diabetes (table V) . impaired glucose tolerance.
For the lowest tenth of body mass index (<17 3 kg/m'2 for men and < 17-6 kg/in for women) prevalences of iABoiE V1i1 A/u/tip/c Stcpt-ci'Sc reoression analysis of' blood gluicosc diabetes and impaired glucose tolerance wvere 1 .50 concentration, body niiass 'index, heig/t age a sex z,i'th lstin (95%o confidence interval 0-8W0/ to 2-8%1) and 9-00/0 blood glucose and tzaco hour bloodi gluicose concentrations ais dependent variable (7-10/0 to 11-2%/). glucose tolerance and non-insulin dependent diabetes mellitus in later life. 35 We have no evidence to support or refute these suggestions, although the overall low prevalence of non-insulin dependent diabetes and impaired glucose tolerance makes any important contribution unlikely. Overnutrition in later life, which increases insulin requirement, may uncover a defect in the secretory capacity of B cells, which could explain the current epidemic of non-insulin dependent diabetes mellitus in developing countries that have recently become more affluent."' This is a separate problem from that of malnutrition related diabetes mellitus, in which current as well as previous malnutrition is said to be a key component. Postmortem studies in humans have also shown that severe kwashiorkor may be associated with structural changes in the pancreas.3" It is uncertain, however, whether the functional and structural changes are sufficiently severe to lead to permanent diabetes. Our results suggest that they are not.
Undernutrition has also been suggested as a predisposing factor in tropical chronic calcific pancreatitis, possibly associated with recurrent attacks of gastroenteritis. " In Africa this disease has been described mainly in young adults in Uganda3"3 and Nigeria.4" If undernutrition were a key factor in the development of tropical chronic calcific pancreatitis it would be expected to be commoner than it is in other parts of Africa where malnutrition is more widespread." Alcohol is almost certainly an important cause of chronic pancreatitis,42 but does not account for calcific pancreatitis in the young.
ASSESSNIENT OF NUTRITION
The populations we have studied could be said to be insufficiently malnourished or undernourished for an insufficient time to induce irreversible B cell failure. It is also possible that those who developed diabetes died undiagnosed. This possibility, while unlikely, cannot definitely be excluded. The assessment of underrnutrition in adults is difficult. No single satisfactory measure exists, but body mass index is possibly the best available. About 40% of our population were underweight according to accepted body mass index standards. Some authorities in Africa havie proposed that the lower limit of normal for body mass index in African subjects be reduced (T Johnson, personal communication). But there is no evidence on which to base this proposal, and studies have yet to be conducted which relate body mass index to mortality in Africans. We therefore believe that the low values for body mass index found in our study reflect undernourishment in a large proportion of the population. The low haemoglobin concentrations in four of the eight villages also point to poor nutritional state.
Assessment of chronic protein energy malnutrition is even more difficult. Many experts regard the ultimate height of populations as the most satisfactory index of chronic undernutrition during the period of growth and development. Genetic factors play a large part in the determination of height, but it is now widely accepted that improvement in the nutritional state of a nation's population increases the mean height of its citizens.," 4 The mean height of the study population was significantly less than the mean height of a British population.45 In addition, evidence of poor nutrition in children in several areas in which the studies were performed' also provided circumstantial evidence that the adults had grown up in an adverse nutritional environment. This is therefore strong evidence that both current and past undernutrition were common in the study populations. Importantly, there were also no differences between prevalence of diabetes and impaired glucose tolerance in the least advantaged and the most advantaged villages.
The proponents of malnutrition related diabetes have also suggested that while undernutrition may not lead to the development of diabetes it may increase the vulnerability of the pancreas to harmful environmental factors. 4 Cyanide from the consumption of inadequately processed bitter cassava has been proposed as a possible environmental toxin.', We found, however, that rates of diabetes in one village where the inhabitants were exposed to high levels of dietary cyanogenic glucosides from consumption of insufficiently processed cassava were not significantly different from rates in the seven other villages. 47 Our studies of glucose tolerance in rural Tanzania have therefore failed to confirm the widely held hypothesis that undemutrition by itself or undernutrition and environmental toxins are a significant cause of diabetes in undemourished populations.
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